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THEORY  OP  TBO-DIRB  RSIOHAL  A PTE 4 HA  ASSAYS  WITH  BA HD OH  I BB AIGEHENT  OP 
BHITTEBS  (Pact  I). 

L.  G.  Sodin. 

Are  investigated  the  strongly  rarefied  two~diaanaional 
antenna-arrays  with  the  randoa  arrangeseat/position  of  slitters.  Is 
shown  the  possibility  of  obtaining  the  low  sidelobe  levels  and  the 
high  resolutions  with  a cooperatively  snail  nuaber  of  call/elsaents. 
Is  carried  oat  th»  coaperison  of  these  antennas  with  sills* s cross. 

Introduction. 

In  recent  years  rapidly  increase  the  size/diaensions  of  tae  antennas* 
utilised  in  radiotelescopes.  In  a nunber  of  those  operating*  there 
are  antennas  with  the  size/diaensions  of  aore  than  kiloaeter*  and  are 
design/projected  antennas  with  size/d iaeas ions  into  tans  of 
kiloaeters.  Logically*  in  this  case*  there  cannot  be  tha  speeches 
about  systeas  with  continuous  aperture.  Actually  can  be  used  only  the 
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antenna  arrays  whose  cell/elenent s are  placed  either  along  plane 
curve  (circunf ersi ce,  cross,  etc.),  or  it  is  irregular  over  certain 
area,  first  type  antennas  include  widely  known  circular  [7], 
cross-shaped  [ 1,  2 ] and  T-shaped  [3,  4,  5,  6]  systens,  aaong  the 
antennas,  close  to  the  second  type,  it  is  possible  to  call/naae  the 
connected  systen  l SCAM  [10]  and  project  TLA  [8,  9]. 


Antenna  arrays  with  the  cell/elenent s,  arrange/located  on  plane 
curve,  possess  the  essential  deficiency/lack:  along  tie  directions, 
tangential  to  curse,  into  one  point  it  is  design/pro jectei  a large 
quantity  of  enitters.  Due  to  this  the  radiation  pattern  (DR)  has  in 
sone  sections  the  large  ainor  lobes  to  lower  which  by  usual  nethod  - 
the  adequate /appro  aching  law  of  the  excitation  of  enitters  - is 
iapossible.  It  is  necessary  to  resort  to  extreaely  coeplex 

procedures,  for  exaaple,  to  "tiae/tenporary"  synthesis  of  DR  [11]  or 

> 

to  the  super-synthesis  [is  regulated  the  excited  leveL  of  each  pair 
of  enitters,  and  then  in  a R-eleaent  antenna  0.5  t!  (H-1),].  In 
cross-shaped  and  T-shaped  radiotelescopes  is  necessary  to  aultiply 
arns  of  DR  which  is  also  inconvenient  (is  lost  average  value  of  DR, 
and  the  nain  DR  of  radiotelescope  fron  power  is  deterained  DR  fron 
the  field  of  its  ooaponent  antennas,  which  sharply  increases  the 
side-lobe  level). 


In  connectioa  with  this  nore  pronising  are  "area*  antennas  with 
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the  irregular  am ngeeent/position  of  eaitters.  To  tha  3tady  of  such 
antennas  is  dedicated  a series  of  works*  [ 12,  13,  14,  15,  16,  19]. 

FOOTIOTE  *.  Sufficiently  detailed  bibliography  can  be  found  in  [23]. 
EHDPOOTROTE. 

The  nost  conpleta  investigation  is  carried  out  in  work  [12].  However, 
soee  results  of  tais  work  need  refinenent,  a series  of  Interesting 
questions  there  is  not  exanined. 

Page  4. 

In  connection  with  this  in  the  present  work,  will  be  aade  the  attenpt 
to  investigate  non  equidistant  two-diaensional  grating  in  aore  detail. 

During  the  irregular  arrangeaent/po3ition  of  eaitters  in  the 
plane  of  aperture,  it  is  possible  to  distinguish  two  oases: 

1)  eaitters  are  placed  stochastic  with  the  aid  of  randon 
sa apling; 

2)  eaitters  are  placed  with  the  aid  of  certain  funotional  or 
theoretical- nunerical  algorithn  analogously,  for  exaaple,  how  are 
selected  nodes  in  irregular  quadrature  foreulas  [17,  18]. 


t 
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Unfortunately,  exacting  known  theoretical* aunerical  aLgorithas  did 
not  yield  posit Its  results:  in  sons  sections  tbs  aperture  of  antenna 
dscoaposes  on  several  rarely  arranged  groups,  which  leals  to  the 
appearance  of  intense  diffraction  lug/lobes  in  DM.  In  connection  with 
this  are  further  exaained  only  the  antennas  with  the  randon 
ar rangeaent/position  of  cel 1/e less nts,  in  this  case,  tha 
arcangenen t/positlon  can  be  controlled  by  the  assigned  hit 
probabilities  cell/eleaent  into  one  or  the  other  point  intenna.  For 
exanple,  it  is  possible  not  to  allov/assune  the  incidanre/inpingenent 
of  a large  nuaber  of  eaitters  into  one  series,  one  diagonal,  etc. 

In  work  the  paraaeters  of  antennas  <ill  be  deterainel  by  average 
(on  the  final  enseable  of  unifora  antennas)  values,  but  it  will  be 
shown,  that  for  sufficiently  large  antennas  statistical  average 
values  are  close  to  average  in  separate  realisation,  rha  utilized 
procedure  is  analogous  in  essence  used  in  [19]  and  is  its  developaent 
for  two-diaensiona 1 antenaa  arrays  with  the  randoe 
arnangeaent/positl on  of  eaitters. 

CA LCOLATION  AMD  THE  INVESTIGATION  OF  BADIATIOI  PATTER! 

Is  exaained  rectangular  grating  with  H|H*  by  the  nodes,  nuabered 


as  follows 
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In  node  (k,  t)  can  be  located  the  enitter.  In  all  in  tha  lattice 
points  is  placed  1 of  emitters,  the  currant  of  ea=h  is  aqual  to  1/H. 
To  the  presence  of  enitter  in  node  (k,  1)  coepare  event  7w=l,  to 
absence  - *«- 0-  The  incidence/iapingeaent  of  eaittar  into  nay  node- 
we  consider  egniprobable  to:  P{q*i~ 1}  = ^ 
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FOOTNOTE  *.  Furthar  instead  of  HtR2  let  as  write  in  certain  cases  H*. 


Page  5. 

The  coebined  hit  probability  of  emitters  into  modes  (k,  It  and  ( r , s) 

M M — I 

let  us  take  as  equal  to  JJT  ^ By  these  we  Unit  the  ensenble 

of  the  randoa  antannas  only  by  such,  in  which  is  accurate  N of 
cell/eleaents. 

It  would  be  possible  to  establish/install  nore  rigorous 
conditions  on  probability.  For  ezanple,  to  requira,  so  that 
/>{<7*/=l,  qh,=  \)<£ P{qkl=\),  i.e.  so  that  one  series  could  aot  hit  too  nany 
cell/elenents,  etc.  However,  it  is  not  difficult  to  stow  that  with 
H*»1  this  leads  to  a very  saall  change  in  the  averaga  paraneters  of 
antenna. 

In  sone  works  the  emitters  place  so  that  their  dansity  would 
decrease  to  the  edges  of  antenna  [ 10-16],  In  this  casa,  average  DH  it 
will  have  the  lowered/rednced  sidelobe  level.  But  ia  tha  strongly 
rarefied  antennas  the  sidelobe  level  is  deternined  avanga  DR,  but 
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its  fluctuations.  The  latter  increase  during  the  nonuaifors 
arrangeaeat/positL  on  of  esitters  in  cospar  ison  with  tlie  case  of 
unifora  ar rangesea t/position  [ 12,  19]. 

In  accordance  with  the  selected  probabilities 


- - — 

Qkl  — "Jyi  » QktQri  * 


, k=r,  l <=s, 


N' 

M M-  1 


N*  N*-  \ 


b ocTa^bHbix  cJiyMaax 


$ 


(I) 


Key:  (1).  in  the  resaining  cases. 

FOOTBOTE  *.  Feature  indicates  on  top  statistical  avenging. 
EBDFOOTBOTE. 

DB  on  field  for  the  antenna  in  question  is  recorl/written  as 
follows:  -«+i/2 


f(x,  y)=-- ~f(x,  y)  + t(x,  y)  + iri(x,  y)  = JJ  ^e"*1 


+/V1 


*,  /=. 


N- 1 


(2) 


Here  f (x,  y)  , C (x,  yl  . n(x,  y)  - middle  field  and  its  fluctuation 
(real  and  iaaginary  components), 

„ 2nd,  2nd. 

a * y=~irv’ 

u=  cose  sin  A,  v »»  cose  cos  A, 

£;  1 “ angle  of  elevation  and  aziauth,  it  and  D*  • distance  between 
the  lattice  points  along  principal  axes,  X - wavelength. 
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Average  DR 


PAGE 


/(*.  y)= 


sin  ■ 


N.x 


sin 


of  the  fluctuatioa 


N.  sin— - \.sin  — 
2 2 


N~) 


(3) 


l+"-i  S (*-£)* 

L W-l 


I (»*+/») 


*,  /— 


rinding  the  lav  of  raadoe  nuaber  distribition  C and  7j  - task  is  very 
complex.  However,  since  with  R*»1,  C and  "/j  - sue  of  a large  nuaber 
of  alaost  independent  ter a/coa ponent/adden ds,  thea  it  is  possible  to 
consider  noraelly  distributed  according  to  central  liait  theorem.  As 
it  will  ba  shown  In  the  second  part  of  the  article,  the  calculations 
of  concrete/specific/actual  gratings  confira  this  assumption. 

If  C-Ht)  - normal  randoa  vector,  than  for  a compLete 
descriptions  of  DR  is  sufficient  to  know: 

t (*.  y)  Cl  (X,  yj, 

Let  us  give  the  resultant  expressions  for  these  values: 
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FT  ",-A_ 

Wbi  2M(AP-1) 


( N.  , ' 

sin  — (Jt  — «i) 
• % 


sin 


Nt  , 

-(y-y.) 


*1 


W.sln^i 


sin-^-  (*  + *i)  2 


X+  X, 


N ,iln  2 

sin  (</+  !/i) 

± 2 X 


. . . y + yi 

Ntsln  —j— 


2 2 


sin  — - sin 
2 2 


x 

N\  A/|sin 

xi  ■ x i y [ 

yslnTslnY,lnT  j 

sin  — (x  - Jtj)  sin  (y  — yt) 

N'~M 

2 2 

nT1‘  ~ 2M  (A/*  — 1 ) 

x — x,  , y — y i 

AT,  sin  -----  N ,sln  2 

sin  y ( r + -*i)  -•  2 


sin  -r-  ('/  + </ 1) 


*■±4-  /V.sln^ 

o ’2 


N,  sin  2 

Tni  = Citi  = °- 


(4) 


(5) 

(6) 


Pa  ge  7 . 


With  x- x Y=h  froe  (4)  and  (5)  we  will  obtain  dispersions  C and 


F- 


N*-M 
2 M (AT*  - 1) 


f 

1 +■ 

\ -\J 


sin  Ntx  sin  N^y 
N*jin  x sin  y 


,,/v  .,*»» 

sin*  — s n*  — s- 
2 2 


A"  sin*  — s/n*  — 
2 2 


2Af  (JV*  — I)  \ 


sin  Af,jr  sm  Nry  \ 
N*  sins  sin  y J 


O 

(8) 


DM  of  the  average  "scattered"  power 
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AF=;»+T«_  N*-M 


1 — 


Sr 

2 2 

Arsin'  — »|n*  ~ 
2 2 


(9) 


In  the  direction  of  aajor  lobe  of  D*  (x*y*0)  ^=^*=0  fluctuations  are 
absent.  Therefore  the  fora  of  aajor  lobe  virtually  coincides  with  the 
fora  of  average  radiation  pattern. 


In  the  directions  of  ainor  lobes  (*  > y > rpjc*  =g*  (with 

' "»  "»/  2 M 

H*»H)  , which  coincides  with  the  results  of  works  [12,  14,  23], 


The  aean  squares  £ and of  the  undertaken  on  the  period  one 
realization  DM, 


<?>“-—  J J ?(*.  y)dxdy,  <tj*>  = 

— H — ft 

— n — n 


Integrating  real  and  iaaginary  parts  (2)  on  period,  we  will  obtain 


<&*>  =<»!*>  = 


iV»— M 
2 MN* 


It  is  evident  that  and  with  M*»n  the  average  in  realization  coincide 
with  statistical  average  in  the  region  of  ainor  lobes.  Bith  x>w/Nl 
and  y>v/N*  for  the  strongly  rarefied  antennas  froa  (3|  , (7)  and  (8) 
it  is  evident  that  £*«r| *>f*(x,y). 
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Page  8. 

Consequently,  in  the  field  of  ninor  lobes  of  DN  is  completely 
determined  by  randon  coaponent. 

Correlation  Functions  ? and Yj  in  this  region  taka  tha  fora 

sin  (x  — *,)  sin  (y  — yx) 

Ntsln^ilny^r 
2 2 

jy  ft 

sin  -r-  (*  + *i) sln  ~T  (!/  + yi) 

+ . 

2 2 

If  va  exaaiaa  DN  in  one  half-planes  (for  exaaple,  i»,  by  second 
tern  in  (10)  it  is  possible  to  disregard.  Since  tti  and  r^n",  find  to 
be  dependent  on  differences  in  the  arguaants,  C and  the  unifora 
stray  fields.  The  fluctuations  of  field  in  the  second  half-plane  are 
coapletely  corrals  ted  with  fluctuations  in  the  first  aalf- plane: 

C(*.  {/)£(— *—*/)  « 1,  »i (*,  y)r\(—x,—y)  & 1 

and  they  it  is  possible  not  to  exaaine. 


niil 


* 


_ 
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7-  i*'Tf 


Pig.  7.  Key:  (1).  Section. 
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figure  1 give*  dependences  f,  t*/o*  end  t)2/0*  on  x Cor  two  typical 
sections  y*0  and  y*x.  Proa  the  figure  one  can  see  that  out  of  the 
region  of  najor  lobe  £2  and  ^ it  is  in  effect  constant. 


ill  this  shows  that  in  the  region  of  ainor  lobes  of  ON  Z (x,  y>  = 
V C2+n2  Corns  uniforn  Bayleigh  field  with  one-dinensional  density  of 
distribation  1 
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FOOTROTE  *.  More  precise  than  Dll  focas  field  with  the  distribution  of 
Rice  at  average  value  (3).  For  real  tasks  the  neglect  of  Biddle  field 
admissibly  leads  to  essential  siaplif icat ion  in  the  formulas.  Precise 
calculation  althoigh  leads  to  bulky  formulas,  it  is  not  complex. 
BMDFOOTHOTE. 

Average  value  constantly  in  the  region  of  minor 

lobes  and  does  not  depend  on  the  size/diaensions  of  antenna  Ht  and 
Ra.  By  the  force  of  this  T,  badly/poorly  are  described  the  properties 
of  real  antenna.  So,  with  Rt,  Nr-*-  °°  DR  acquires  the  narrow  large 
diffraction  lug/lobes,  which  do  not  virtually  affect  average  value. 

It  is  much  better  to  describe  properties  of  DR  with  the  aid  of  the 

\ 

overshoots  of  stray  field  Z (x,  y)  above  certain  fixed  level. 


Let  us  examine  certain  section  of  DR:  x=t  cos  *,  y=t  sin  #.  In 
this  section  minor  lobes  form  the  Rayleigh  random  process  Z ( t)  with 
the  correlation  function  of  its  orthogonal  components 


C(0C(<+T)  =0* 


, TCOStp  . TSincp 

. tcos  V , T*in  V 

N*  sin  — -~-L  sin 

2 2 


The  overshoots  of  this  process  fora  randoa  flow  with  average 
value  (21]  in  the  unit  interval 

I a*  2a1 
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and  with  the  asymptotically  Poisson  distribution  of  a timber  of 
overshoots  with  *>># 

p(v)=^re_v'  (n) 

Here  RN  (0)  - the  second  derivative  of  tht  coefficient  of  correlation 
C(t)  of  r*0. 

Page  10. 

Since  Z (t)  *2 ( - 1)  further  overshoots  will  be  conpated  on  the  half 
ainiaua  period  of  DR:  O^t^w.  Average  auaber  of  overshoots  in  this 
interval:  _ vn  z 


(Z)  = f-i (JV» cos’ <p+A/» sin* <p)J' -|-exp 


2i» 


if  . 


Set/assuaing  further  a^(2M)~>n  and  yv?cos*<p  + A/Jsin*<p«eArv 

then 

V(Z)  = (l2j NZM'/2  txp(—MZ})  (12) 

virtually  for  any  section  of  DR. 


In  accordance  with  (11)  the  dispersion  of  a nuaber  of  overshoots 
is  equal  to  V „ consequently,  the  difference  between  realizations  by 
the  ne-equidistaat  curve  of  antenna  is  noticeable  for  such  levels  of 
DN  where  v is  snail.  Exponential  dependence  v(Z)  (12)  leads  to  the 


\ 
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fact  that  the  tcaasitioa  from  saall  ones  to  large  oi«  v requires 
very  insignificant  change  Z.  Hence  it  follows  that  tha  lifference 
between  the  DR  of  the  separate  realizations  of  antenna  is  snail.  In 
other  words,  in  ttie  enseable  of  nonequidist ant  antennas  ia  question 
the  overwhelning  najority  is  close  to  average,  very  pnor  and  very 
good  antennas  are  encountered  extreeely  rarely.  Durinj  the  design  of 
concrete/specific/actual  antenna,  poor  versions,  i.e.,  versions  with 
the  sound  arrangeaent/position  of  cell/el e seats,  easily  are 
screenned.  As  far  as  versions  are  concerned  best,  thef  temporarily 
exceed  average  (according  to  a number  of  pvershoots  of  DR)  .antenna. 

In  coqfirsation  this,  let  us  sake  a rough  estisate  of  the  side-lobe 
level  in  the  best  version.  Since  for  any  version  T y |/JL  . best  east 
have  Chebyshev  type  DR:  in  the  region  of  the  ainor  loses  z(7)«4|Coso/|. 

Por  this  DR  the  side-lobe  level  is  connected  with  average  level 

jl  j|3/* 

by  siaple  correlation  z„nHCx  — * = obvious  that  to  carry  out 

the  appropriate  arrangeaent/position  of  anitters  is  iipossible  (at 
least  because  it  does  not  depend  on  R),  and  by  tha  force  of 


this 


n*/J  1.39 
^ 4JM'»  M'” 


(13) 


Por  a real  antenna  let  us  accept  the  following  deteraination  of 
side-lobe  level  xs.  In  each  section  of  DR  above  leval  za,  aust  be  on 
the  average  one  overshoot.  In  this  case,  of  (12)  for  c0  wa  obtain  the 
transcendental  equation 
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,i/j.  -"*0  1,95 


N 


solution  of  which  in  interval  100£R^<2*10'  tiU>  the  Coca: 

. _ 1.6+3 

‘•-7iT75~-  , (“) 

Conparison  (13)  nd  (14)  shows  the  unessential  differences  between 
the  best  antenna  and  the  average. 


Page  11. 

Therefor*,  if  we  take  any  realization  of  nonequidistant  antenna  with 
the  randon  arrange aent/positioa  of  cell/aleaents  and  artificial  to 
reaov*  soae  aaoaalies  in  the  location  of  eaitters,  will  be  obtained 
DR  very  close  to  calculated.  In  works  (14,  IS]  they  ace  investigated 
DR  of  the  antennas,  position  of  eaitters  in  which  were  optinized  on 
coaputers  by  the  eethod  of  dynaaic  progrin aing.  However,  those  given 
in  these  works  with  the  DR  of  antennas,  as  a rale,  are  worse  than 
average.  In  following  work  [16]  ezaained  statistical 
arrangenent/positl on  of  cell/eleaents  on  antenna  are  obtained  the 
results,  which  well  coincide  with  calculated  ones  in  the  given  above 
foraulas,  but  the  nain  thing,  best,  than  during  the  use  of  the 
roughly  optiaised  arrangeaent/position  of  cell/eleaents. 


The  overshoots  of  one-diaensioaal  section  of  DR  cannot  be 
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considered  the  as  comprehensive  characteristic.  Bore  detailed 
description  give  the  overshoots  of  the  two~diaenslonal  stray  field 
z(x,  y) . Strict  theory  of  overshoots  of  t wo-diaensional  field  at 
present  is  not  yet  constructed.  But,  if  level  z,  abov»  which  are 
exaniaed  the  overshoots,  it  is  sufficiently  high,  so  so  that  in  the 
section  of  overshoots  the  horizontal  plane  z would  be  only  sinply 
connected  regions,  it  is  possible  to  use  the  sethod  ds scribed  in 
[22].  In  accordance  with  [22]  over  the  single  area  of  plane  (x,  y) 
the  stray  field  has  on  the  average  nt  of  the  overshoots  above  level 

z,  where  « 

M*)“— j j Pt{z,  0,  z„,  z„)z„dz„; 


*ll< 


- the  four-diaenslonal  density  of  field  z and  it  derivatives.  P.  let 
us  find  through  elght~dinensional  density  £,  Yj  and  then 
derivatives: 

p,  (£,  n.  t*.  n*.  Ti«-  ’i  xx)  = p*  ft-  n«)  Px  (C.)  Pi  (C,)  Pi  (»!,'  Pi  (n,). 


p* 


two-d inensional,  Pt  - one-dinensional 

r-®*;  r? = n?  = n*«o?=o*- 

TjL  = nL = °f;  tC  = Tin„  = —of; 


norsal  density,  noreover: 

d*p(x.  y)  _ o1 

dx * x=i/~o  12 

, _ N*  — M 
2M  (N*  — 1) 


During  traasitioe  to  polar  coordinates  £=zcos<p,  t)=zsiny 


(jacobian  of  trans for nation  z* ) and  during  intogrntioi  we  will  obtain 


Actually  (15) 


0.25\ 

12n  V Mi*  J 


(15) 


it  is  used  with  Bs*}1,  in  connection  with  which 
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second  ter  a In  brackets  we  further  disregard.  By  the  force  of  parity 
t(i,  y)  we  exasiae  overshoots  ia  ose  half* planes  on  half-period 
0<x<v,  -v< y<r, 

n(z)  - ^ f^Mz*-**  . (16) 

6 


Page  12. 


The  total  area  of  this  region  of  DM  is  equal  to  2v*  and  total  nanber 
of  overshoots 


figure  2 giva  to  the  dependence  of  a nuaber  of  orershoots  on  a 
naaber  of  celV*l*4*nts  of  antenna  with  n**10*#  10*,  10s  and 
z**0.001-0.1.  Curve/graphs  these  are  constructed  taking  into  account 
a precise  value  of  •*  (8).  For  the  illustration  of  the  possible 
evacuation/rarefaotion  of  antenna  Pig.  3 gives  dependants  N/N*  (in 
percentages)  on  a*  for  x**0.01  and  by  0.0316  and  1T*1  and  10. 

According  to  an  average  nuaber  of  overshoots  (16)  It  is  possible 
to  find  quasi-aaxi aua  sidelobe  level  zm  - the  level  for  which 
probability  Pa  of  the  absence  of  overshoot  is  sufficiently  close  to 
unit. 
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In  Pig.  2 in  right  lover  angle  is  plotted  scale  ?0.  Usually  is 
sufficient  to  take  P0* 0.5.  In  this  case,  the  half  of  the  selected 
readonly  realisations  of  antenna  will  not  have  ninor  Lobes  above 
After  assigning  P„.  and  by  a nuaber  of  enitters  H,  it  is  possible 

to  deteraine  the  peraissible  size/diaensions  of  antenna.  Por 
illustration  is  gLven  by  table  1,  designed  for  Po=0.5  and  4=0.04. 

In  [12],  was  aade  an  atteapt  at  calculation  P0  oi  the  assunption 
that  the  overshoots  appear  in  a finite  nuaber  of  directions,  for 
which  the  fluctuations  of  DR  are  not  depended.  LogicaLiy,  obtained  in 
this  case  fornula  is  not  precise  *. 

P00TR0TE  ».  Besides  in  addition  to  this,  in  [12]  is  peraitted  the 
error:  not  registration/accounting  syaaetry  of  DR.  Error  this  is 
corrected  in  [23],  and  here  is  given  the  corrected  fornula. 
ERBPOOTROTE. 

Por  oae-diaensiona  1 section  of  DR  fornula  (12)  takes  the  fora 

PL  = (l  — e~Mt')L,K. 


i 


* 
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<1,  |x|<^-j.  Correct  foraula 

p.-h 

In  the  region  of  D N where  P— *-! , 

PL  * 1 -4e— . p0  * 1 - V ^ ym ~ e~M** . 

Figure  « gives  carve/graphs  (P„)VL  and  (Pl)K/l,  froe  which  it  is 
evident  that  foraula  (12)  gives  the  high  probability  of  the  absence 
of  overshoot. 

Advantages  and  disadvantages  in  the  proposed  antennas. 

1.  Let  us  coipare  antenna  with  randoa  arrangeaent /position  of 
cell/eleae nts  witi  Hills's  cross  *. 

FOOTNOTE  4 • Aaong  antennas  with  the  regular  ar rangeaei t/position  of 
eaitters,  are  optiaua  circular  and  T-shaped  [24].  However,  is  aore 
resistant  to  fluctuations  Hills's  cross.  ENDFOOTN3TE . 

Let  us  suppose  both  of  systens  have  the  identical  resolution, 
equivalent  to  grating  froa  NxH  cell/eleae nts.  In  this  case  Hills's 
cross  contains  on  2N  eaitters  in  each  ara,  in  all  4N  eaitters*. 

FOOTNOTE  *.  They  soaetiaes  erroneously  assuae  that  Hill3's  cross, 
froa  kvk  cell/eleaents  is  equivalent  on  resolution  to  antenna  froa 
kxk  cell/eleaents.  ENDFOOTNOTE. 
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In  the  aain  sections  of  the  DN  of  cross  according  to  pover,  is 
equivalent  the  DN  on  the  field  of  regular  antenna  froi  2Nr2N 
cell/eleaents.  Out  of  nain  sections  they  are  aultipliad  by  the  DN  of 
two  ares  of  cross.  Therefore  the  greatest  side-lobe  lavel  is  observed 
ie  ealn  sections.  Disregarding  ninor  lobes  by  the  regular  DN  of 
cross,  let  us  assuae  at  first  that  the  sidelobe  level  oE  aach  an  is 
connected  with  tha  aaplitude-phase  errors  for  the  currents  of  its 
cell/eleaents.  Than  dispersion  of  DN  in  the  region  of  ainor  lobes 
[20]  is  equal  to3: 

CT+  = a£ 

2(2N)  ' 

while  DN  itself  will  be  the  Rayleigh  stationary  randoi  process,  which 
has  above  level  R on  the  average 


n 


4 


i V — exp 


of  overshoots. 


FOOTNOTE  3.  Errors  we  consider  not  correlated.  ENDFOOrs ) TE . 

For  a nonequi dist ant  antenna  level  of  DN  on  fieli  let  us 
designate  as  before  through  z.  Obviously,  during  tha  coaparison  of 
the  cross  of  Nills  and  antenna  with  the  irregular 
arrangeaent/position  of  eaitters  one  should  take  R*z*  and 


i 


FOOTNOTE  4.  Takinj  into  account  that  the  overshoots  ace  concentrated 
in  two  «ain  sections  of  DN,  into  this  foraula  is  adiei  factor  by  2. 
ENDFOOTNOTE. 

Pa  ge  1 5. 

Typical  values  o£  and  o,'  [4]  coapose  0.015  and 

n+  ss  16,7a'1'  z* exp  ( — 67<V?4).  (|fi;i) 

The  "randoa"  antanna  of  the  saae  resolution  and  with  the  saae  nuaber 
of  eaitters  will  have 

nc  « 2, liVs^a exp ( — 4jVz!)  U7) 

the  overshoots  above  level  z. 


Coaparison  (16a)  and  (17)  shows  that  with  saall  ones  zru>n,.. 
Since  z*=0.01  «+  and  "c  depending  on  N are  given  in  Table  2. 


Table  2 show3  that  than  the  aore  resolution,  the  aora  noticeable 
the  advantage  of  antenna  with  the  irregular  arrangenei t/position  of 
eaitters.  In  noneguidistant  antenna  will  be  in  actuality  advantages, 
also,  with  saall  N . In  this  case  ainor  lobes  the  average  DN  of 


T*6/*  «Z  . 


/V  | 

100 

1 400  | 

1000 

*+l 

84 

1 03  | 

0,7 

1 

380 

1 0.15 

1 io-|S 

r 
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Hills's  cross  will  have  noticeable  value  in  ccaparisoa  with  the 
overshoots  of  the  randoa  component  (but  above  then  they  disregarded). 
So  with  N= 1 00  the  average  DN  of  cross  it  has  240  overshoots  above 
level  z*=0.01. 

2.  In  noaeqni distant  antenna  averaga  distance  between  adjacent 

N 

eaitters  into  ■— j-2-  of  tiaes  aore  than  in  antenna  with  regular 
ar rangenent/positlon  of  eaitters,  which  composes  (3-D)  once  in 
typical  versions.  Due  to  this  the  coanunication/conaertion  between 
eaitters  and,  as  a result,  dependence  of  the  iapedance  of  eaitter  on 
the  position  of  ra y/beaa  with  electrical  phasing  it  i3 
attenuate/weakened.  This  sinplifies  the  task  of  the  agreeient  of 
eaitters  with  the  systea  of  phasing. 

3.  wain  disadvantage  in  antenna  array  with  randoa  location  of 
cell/eleaents  is  coaplexity  of  systea  of  feeder  coaaunications  and 
phasing.  The  necessary  quantity  of  antenna  cables  and  phase  inverters 
proves  to  be  greater  than  for  regular  antennas  of  the  type  of  the 
cross  of  Hills  or  T-obraznoy  (with  an  identical  nunbec  of  eaitters). 
In  aore  letail  this  question  will  be  exanined  in  the  second  part  of 
the  work. 

4.  noticeably  differs  noneqnidistant  grating  fcoa  cross  of  Hills 
and  T-obraznoy  antenna  in  value  of  front- to-rear  factor  and  in  its 


i 
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dependence  on  position  of  ray/beaw.  Front- to-rear  factor  of 
none quid is tant  antenna  is  close  to  HD0,  where  0o  - f ront-to-rear 
factor  of  elementary  source.  Therefore  during  a changa  in  the 
position  of  the  ray/bean  of  a change  in  f ront-to-rear  factor  is 
repeated  the  DN  of  enitter.  In  turnstile  antennas,  on  the  contrary, 
front-to-r ear  factor  weakly  depends  on  the  direction  of  phasing,  but 
its  value  in  the  lirection  of  nornal  to  grating  is  less  than  ND0  [4]. 
Is  in  nore  detail  the  calculation  of  front-to-rear  factor  and 
comparison  with  T-shaped  antenna  will  be  n&de  in  II  part. 


DOC  = 7822*100 


PAGE  27 


table  2. 


Pa  ge  1 6. 

Conclusion  s. 

The  possibility  of  the  essential  decrease  of  a maber  of  antenna 
cell/eleeents  with  high  size/d iaensions  and  on  low  sile*lobe  level 
aalces  the  describad  above  antenna  arrays  proaising  ones.  Ipparently, 
the  antennas  very  high  size/diaensions  will  be  constructs!  precisely 
according  to  this  principle.  Independence  of  DN  fron  the 
concrete/specific/actual  version  of  the  ar rangeaent/pusition  of 
eaitters  is  the  iaportant  factor,  which  siaplifies  tha  design  of 
large  antennas. 

Let  us  note,  however,  that  with  a nuaber  of  eaitters  ((K50-100) 
the  optiaization  )f  their  location  can  give  noticeable  results. 

Figure  2 shows  that  for  N<50  the  statistical  arrangaaant/position  of 
eaitters  is  possible  only  with  the  saall  degree  of 
evacuation/rarefaction,  or  on  high  side-lobe  leveL. 

Article  received  16/III  71.  Revised  9/TUI  71. 
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